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Description
FIELD OF THE DISCLOSURE

[0001] The subject matter of the present disclosure re-
lates generally to gas turbine engines and, more partic-
ularly, to nacelles for gas turbine engines.

BACKGROUND OF THE DISCLOSURE

[0002] Many modem aircraft employ gas turbine en-
gines for propulsion. Such engines include a fan, com-
pressor, combustor and turbine provided in serial fash-
ion. Air enters the engine through the fan and is pressu-
rized in the compressor. This pressurized air is mixed
with fuel in the combustor. The fuel-air mixture is then
ignited, generating hot combustion gases that flow down-
stream to the turbine. The turbine is driven by the exhaust
gases and mechanically powers the compressor and fan
via an internal shaft. Energy from the combustion gases
not used by the turbine is discharged through an exhaust
nozzle, producing thrust to power the aircraft. In addition
to thrust generated by combustion gasses, the fan of tur-
bofan jet turbine engines also produces thrust by accel-
erating and discharging ambient air through a fan ex-
haust nozzle.

[0003] Turbofan engines contain an engine core and
fan surrounded by a fan cowl, forming part of the nacelle.
The nacelle is a housing that contains the engine and
may be suspended below a wing by a pylon. The fan is
positioned forward of the engine core and within the fan
cowl. The engine core is surrounded by an engine core
cowl and the area between the fan cowl and the engine
core cowl is functionally defined as the fan duct. This fan
duct is substantially annular in shape to accommodate
the airflow from the fan and around the engine core cowl.
The airflow through the fan duct, known as bypass air,
travels the length of the fan duct and exits at the aft end
of the fan duct at a fan nozzle. The fan nozzle is com-
prised of an engine core cowl disposed within a fan cowl
and is located at the aft portion of the fan duct.

[0004] The ratio of bypass air to engine core air is re-
ferred to as the bypass ratio. Modem engine design has
called for higher and higher bypass ratios such that gas
turbine engines can be designed to maximize efficiency
by producing greater amounts of thrust per unit of fuel
consumed. However, larger bypass ratios result in larger
diameter engines. As they are often mounted under the
wings, their diameter is limited by the available space
between the wing and the ground. More space can be
made available, but this adds weight and costs in the
form of longer and heavier landing gear. Additionally, en-
gine placement relative to the wing can affect both effi-
ciency and safety. Various mounting and nacelle config-
urations can be used in attempts to increase safety while
minimizing aerodynamic drag and aircraft weight.
[0005] One approach, shifting the engine aft towards
the wing, may enable a reduction in drag associated with
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fan exhaust impingement on the wing, which may not be
acceptable under aerospace regulations. Such an ar-
rangement may cause the turbine to align with the main
support structure of the wing.

[0006] Another approach, lowering the engine relative
to the wing, may also enable a reduction in drag associ-
ated with fan exhaust impingement on the wing. Howev-
er, this arrangement may necessitate longer and heavier
landing gear, and may not be permissible due to ground
clearance requirements.

[0007] A third approach involves increasing the fan
duct length. While this configuration reduces drag result-
ing from fan exhaust impingement on the wing, it adds
weight and increases internal fan duct losses.

[0008] These arrangements may each allow reduced
jet exhaust drag on the wing, but also carry their own
disadvantages of duct losses, added aircraft weight or
decreased safety.

[0009] Accordingly, there is a need for an improved
turbofan nacelle.

SUMMARY OF THE DISCLOSURE

[0010] Tomeetthe needs described above and others,
the present disclosure provides a gas turbine engine in-
cluding a fan, compressor, combustor and a turbine ar-
ranged in series and forming an engine core. The engine
core is surrounded by a nacelle. Each of these elements
share a central longitudinal axis. The nacelle may have
leading and trailing rims, as well as an axial aft edge
curvature such that the nacelle has a first axial length
thatis greater than a second axial length. Further the first
axial length is at an annular top-center of the nacelle and
the second axial length is circumferentially offset there-
from.

[0011] The nacelle may have a first length running
along its upper portion, lateral lengths running along its
lateral portions and a lower length running along its lower
portion. The upper length may be longer than the lower
or lateral lengths, or than the lower and lateral lengths.
Further, the lateral lengths may be longer than the lower
length.

[0012] The nacelle has a trailing rim that may have
upper, lateral and lower portions. The upper portion may
extend farther aft than the lower portion or the lateral
portions, or than the lower portion and the later portions.
Further, the lateral portions may extend farther aft than
the lower portion.

[0013] The nacelle trailing rim may be aligned with a
circumferential hump in the engine core cowl, the circum-
ferential hump may be located at the nearest point along
the engine core cowl to the nacelle trailing rim.

[0014] The nacelle trailing rim may form a straight line
between the midpoint of the nacelle trailing rim upper
quadrant to the midpoint of the nacelle trailing rim lower
quadrant when viewed laterally.

[0015] Further, this disclosure also provides a nacelle
for a gas turbine engine comprising a substantially cylin-
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drical housing, the substantially cylindrical housing hav-
ing a leading rim and a trailing rim, the leading rim having
upper, lateral and lower quadrants, the trailing rim having
upper, lateral and lower quadrants, the substantially cy-
lindrical housing having an axial aft edge curvature such
that the substantially cylindrical housing has a first axial
length that is greater than a second axial length. Further
the first axial length is at an annular top-center of the
substantially cylindrical housing and the second axial
length is circumferentially offset therefrom. The nacelle
and the substantially cylindrical housing share a central
longitudinal axis.

[0016] The substantially cylindrical housing has a first
length measured between the upper quadrant of the lead-
ing rim and the upper quadrant of the trailing rim, a second
length measured between one lateral quadrant of the
leading rim and the lateral quadrant of the trailing rim on
the same side of the central longitudinal axis, a third
length measured between another lateral quadrant of the
leading rim and the lateral quadrant of the trailing rim on
the same side of the central longitudinal axis, and a fourth
length measured between the lower quadrant of the lead-
ing rim and the lower quadrant of the trailing rim.
[0017] The first length may be greater than the fourth
length or the second and third lengths, or than the fourth
length and the second and third lengths. Additionally, the
second and third lengths may both be greater than the
fourth length.

[0018] The upper portion of the nacelle trailing rim may
extend farther aft than the lower portion or the lateral
portions, or than the lower portion and the lateral portions.
Further, the lateral portions may extend farther aft than
the lower portion.

[0019] The nacelle trailing rim may also be aligned with
a circumferential hump in an engine core cowl disposed
within the nacelle, the circumferential hump may be lo-
cated at the nearest point along the engine core cowl to
the nacelle trailing rim.

[0020] The nacelle trailing rim may further form a
straight line between the midpoint of the nacelle trailing
rim upper quadrant to the midpoint of the nacelle trailing
rim lower quadrant when viewed laterally.

[0021] This disclosure also provides a method of re-
ducing gas turbine exhaust impingement on an aircraft
wing. This method may include providing an engine core,
surrounding the engine core with a nacelle, positioning
the nacelle below and forward of an aircraft wing, and
contouring the nacelle so as to have a first axial length
that is greater than a second axial length, where the first
axial length is at an annular top-center of the nacelle and
the second axial length is circumferentially offset there-
from. Further, the method may include aligning a nacelle
trailing rim with a circumferential hump in an engine core
cowl.

[0022] Otherfeatures and advantages of the disclosed
systems and methods will be appreciated from reading
the following detailed description in conjunction with the
included drawing figures.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0023] For further understanding of the disclosed con-
cepts and embodiments, reference may be made to the
following detailed description, read in connection with the
drawings, wherein like elements are numbered alike, and
in which:

FIG. 1 is a sectional view of a gas turbine engine
with a high bypass ratio.

FIG. 2 is a front view of an aircraft depicted in sche-
matic fashion to illustrate the relative diameters of
larger and smaller bypass ratios as mounted on
wings of an aircraft.

FIG. 3 is a rear perspective view of a gas turbine
engine depicting that the four quadrants of the na-
celle trailing rim have different angles and contours.
FIG. 4 is a front view of the engine of a gas turbine
engine depicting the four quadrants of the nacelle
leading rim.

FIG. 5 is a rear perspective view of a gas turbine
engine depicting different axial lengths along upper
and lateral portions of the nacelle.

FIG. 6 is a rear perspective view of a gas turbine
engine depicting different axial lengths along lateral
and lower portions of the nacelle.

FIG. 7 is a schematic side view of a gas turbine en-
gine with portions of a nacelle sectioned and broken
away to show details of the present disclosure.
FIG. 8 is a schematic side view similar to FIG. 7, but
depicts an alternate embodiment of a gas turbine
engine with an alternate nacelle sectioned and bro-
ken away to show details of the present disclosure.
FIG. 9 is a flowchart depicting a sample sequence
of steps which may be practiced using the teachings
of the present disclosure.

[0024] It is to be noted that the appended drawings
illustrate only typical embodiments and are therefore not
to be considered limiting with respect to the scope of the
disclosure or claims. Rather, the concepts of the present
disclosure may apply within other equally effective em-
bodiments. Moreover, the drawings are not necessarily
to scale, emphasis generally being placed upon illustrat-
ing the principles of certain embodiments.

DETAILED DESCRIPTION OF THE DRAWINGS

[0025] Turning now to the drawings, and with specific
reference to FIG. 1, a gas turbine engine constructed in
accordance with the present disclosure is generally ref-
erenced to by reference numeral 10. As best appreciated
when viewed in concert with FIGS. 2 and 7, the engine
10 is typically mounted below an aircraft wing 12. The
engine 10 includes a compressor 14, combustor 16 and
turbine 17, known as the engine core 18, lying along a
central longitudinal axis 19, and surrounded by an engine
core cowl 20. The compressor 14 is connected to the
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turbine 17 via a central rotating shaft 21. Additionally, in
a typical multi-spool design, plural turbine 17 sections
are connected to, and drive, corresponding ones of plural
sections of the compressor 14 and a fan 22, enabling
increased compression efficiency.

[0026] As is well known in the art, ambient air enters
the compressor 14 ataninlet 24, is pressurized, and then
directed to the combustor 16, mixed with fuel and com-
busted, generating combustion gases that flow down-
stream to the turbine 17, which extracts kinetic energy
from the exhausted combustion gases. The turbine 17,
via shaft 21, rotatingly drives the compressor 14 and the
fan 22, which draws in ambient air.

[0027] Generally,in"highbypass" gas turbine engines,
the diameter of the inlet to the fan 22 is greater than the
diameter of the inlet to core forward components, that is,
the compressor 14, as reflected in their ratio, represent-
ing a "high bypass ratio," being greater than one and, for
example, greater than eight or more. As shown in FIG.
2, the high bypass ratio engine 26 has a relatively larger
diameter than in engine 27, which does not have a high
bypass ratio. As turbofan jet engines are often mounted
under an aircraft wing 12, a high bypass engine requires
more ground clearance, necessitating longer and heavier
landing gear 28.

[0028] Turning to FIG. 3, a rear perspective view of a
gas turbine engine having a nacelle 30 is shown. The
nacelle 30 is a substantially cylindrical housing around
the gas turbine engine 10 as shown best in FIG. 7. The
nacelle 30 houses the engine 10 and is mounted below
the aircraft wing 12. The interior surface of nacelle 30
consists of a fan cowl 40, which surrounds the fan 22 and
core cowl 20. A fan duct 41 is functionally defined by the
axially extending area between the engine core cowl 20
and the fan cowl 40. The fan duct 41 is substantially an-
nular in shape to accommodate the airflow produced by
the fan 22. This airflow travels the length of the fan duct
41 and exits downstream at a fan nozzle 42. A tail cone
43 may be employed at the engine core exhaust nozzle
44 to smooth the discharge of combustion gases from
the engine core 18. Thrust is produced both by the am-
bient air accelerated aft by the fan 22 through the fan
duct 41 and by exhaust gasses exiting from the engine
core 18. A spinner 45 is located at the forward end of the
engine core 18.

[0029] The fan nozzle 42 is located at the downstream
exitof the fan duct41. The fan nozzle 42 shape is defined
by the axially extending area between the engine core
cowl trailing rim 46 and the nacelle trailing rim 31. The
fan 22, engine core 18 and nacelle 30 may be centered
on a central longitudinal axis 19 running through the cent-
er of the engine core 18.

[0030] The nacelle 30 has a trailing rim 31 divided into
an upper quadrant 32, a lower quadrant 33, a first lateral
quadrant 34a and a second lateral quadrant 34b. An aft
extension 35 of the nacelle trailing rim 31 is also illustrat-
ed.

[0031] In FIG. 4, illustrating a front view of the engine
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10, anacelle leading rim 36 is divided into an upper quad-
rant 37, a lower quadrant 38, a first lateral quadrant 39a
and a second lateral quadrant 39b. Axes A1, A2, A3 and
A4 project radially from the central longitudinal axis 19
and divide the nacelle 30 into four quadrants. As best
shown in FIGS. 3 and 4, Axis A1 is positioned at a 45
degree angle from the vertical when looking aft along the
central longitudinal axis 19. Axes A2, A3 and A4 are po-
sitioned at 135, 225 and 315 degree angles, respectively,
from the vertical when looking aft along the central lon-
gitudinal axis 19.

[0032] Axis A1 divides the nacelle leading rim upper
37 and one lateral quadrant 39a and the nacelle trailing
rim upper 32 and one lateral quadrant 34a. Axis A2 di-
vides the nacelle leading rim lower 38 and one lateral
quadrant 39a and the nacelle trailing rim lower 33 and
one lateral quadrant 34a. Axis A3 divides the nacelle
leading rim lower 38 and another lateral quadrant 39b
and the nacelle trailing rim lower 33 and another lateral
quadrant 34b. Axis A4 divides the nacelle leading rim
upper 37 and another lateral quadrant 39b and the na-
celle trailing rim upper 32 and another lateral quadrant
34b. Theimportance of all of the aforementioned sections
will be described in further detail below.

[0033] The upper quadrant 32 of the nacelle trailing
rim 31 may extend farther aft than other quadrants of the
trailing rim 31, creating an aft extension 35 of the trailing
rim 31 and a contoured shaped for the fan nozzle 42.
Additionally, lateral quadrants 34a, 34b may extend far-
ther aft than the lower quadrant 33 of the trailing rim 31.
This may be desirable to reduce total nacelle 30 weight
and fan duct losses, while also reducing engine exhaust
impingement on the aircraft wing 12. Different variations
in the design of the nacelle 30, as described below in the
following embodiments, may also provide a reduction of
engine exhaust impingement on an aircraft wing.
[0034] Inone embodimentshowninFIG. 3, the nacelle
30is axially longerin afirstillustrated axial length L1 than
in a second illustrated axial length L2. As illustrated,
length L1 represents the axial distance between the up-
per quadrant 37 of the leading rim 36 and upper quadrant
32 of the trailing rim 31. Length L2 represents the dis-
tance between the lower quadrant 38 of the leading rim
36 and lower quadrant 33 of the trailing rim 31.

[0035] In another embodiment shown in FIG. 5, the
nacelle 30is axially longerin a third illustrated axial length
L3 than in a fourth illustrated axial length L4 and a fifth
illustrated axial length L5. As illustrated, length L3 rep-
resents the axial distance between the upper quadrant
37 of the leading rim 36 and upper quadrant 32 of the
trailing rim 31. Length L4 represents the distance be-
tween lateral quadrant 39a of the leading rim 36 and the
corresponding lateral quadrant 34a of the trailing rim 31.
Length L5 represents the distance between lateral quad-
rant 39b of the leading rim 36 and the corresponding
lateral quadrant 34b of the trailing rim 31.

[0036] Inyetanotherembodiment showninFIG. 6, the
nacelle 30 is axially longer in a seventh illustrated axial
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length L7 and an eighth illustrated axial length L8 than
in a ninth illustrated axial length L9. As illustrated, length
L7 represents the distance between lateral quadrant 39a
of the leading rim 36 and the corresponding lateral quad-
rant 34a of the trailing rim 31. Length L8 represents the
distance between lateral quadrant 39b of the leading rim
36 and the corresponding lateral quadrant 34b of the trail-
ing rim 31. Length L9 represents the axial distance be-
tween the lower quadrant 38 of the leading rim 36 and
lower quadrant 33 of the trailing rim 31.

[0037] In above disclosed aspects of the embodi-
ments, the nacelle 30 is divided into quadrants of different
lengths. Moreover, the aft extension 35 of the nacelle
trailing rim 31 along the upper quadrant 32 of the nacelle
trailing rim 31 may be configured to gradually merge with
the nacelle trailing rim 31. Thus, the nacelle trailing rim
31 may be shaped, when viewed from the aft end, looking
forward, substantially like an arc of a circle centered on
the central longitudinal axis 19 throughout the non-ex-
tended portion. In this configuration, the fan duct 41 re-
tains substantially annular in shape axially between the
fan 22 and the fan nozzle 42.

[0038] FIG. 8 shows another embodiment, wherein,
when viewed laterally, the nacelle trailing rim 31 forms a
straight line L10 between the midpoint of the upper quad-
rant 47 of nacelle trailing rim 31 and the midpoint of the
lower quadrant 48 of the trailing rim 3. FIG. 8 also shows
a circumferential hump 49 in the engine core cowl. The
nacelle trailing rim 31 may be aligned with the circumfer-
ential hump 49. The circumferential hump 49 may be
located at the nearest point along the core cowl 20 to the
nacelle trailing rim 31. This alignment may reduce the
fan nozzle 42 exhaust area, leading to beneficial fan ex-
haust properties.

[0039] TurningtoFIG.9, aflow chartillustrates a meth-
od for reducing impingement of engine exhaust on an
aircraft wing. The method comprises providing an engine
core 100, surrounding the engine core with a nacelle 102,
positioning the nacelle below and forward of an aircraft
wing 104, and contouring the nacelle so as to have a first
axial length that is greater than a second axial length,
where the first axial length is at an annular top-center of
the nacelle and the second axial length is circumferen-
tially offset therefrom 106. Further, the method may in-
clude aligning a nacelle trailing rim with a circumferential
hump in an engine core cowl 108.

[0040] Whilethe presentdisclosure has shown andde-
scribed details of exemplary embodiments, it will be un-
derstood by one skilled in the art that various changes in
detail may be effected therein without departing from the
scope of the disclosure as defined by claims supported
by the written description and drawings. Further, where
these exemplary embodiments (and other related deri-
vations) are described with reference to a certain number
of elements it will be understood that other exemplary
embodiments may be practiced utilizing either less than
or more than the certain number of elements.
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Claims

1.

A gas turbine engine (10), comprising:

afan (12);

an engine core (18); and

a nacelle (30) surrounding the engine core (18),
the engine core (18) and the nacelle (30) sharing
a central longitudinal axis (19),

wherein the nacelle (30) includes an axial aft
edge curvature such that the nacelle (30) has a
first axial length (L1) that is greater than a sec-
ond axial length (L2),

where the first axial length (L1) is at an annular
top-center of the nacelle (30) and the second
axial length (L2) is circumferentially offset there-
from.

The gas turbine engine of claim 1, wherein the engine
core (18) includes a compressor (14) downstream
of the fan (22), a combustor (16) downstream of the
compressor (14), and a turbine (17) downstream of
the combustor (16),

wherein the nacelle leading rim (36) has upper, lat-
eral and lower quadrants (37, 39a, 39b, 38), the na-
celle trailing rim (31) has upper, lateral and lower
quadrants (32, 34a, 34b, 33);

the nacelle (30) having

afirstlength (L3) measured between the upper quad-
rant (37) of the nacelle leading rim (36) and the upper
quadrant (32) of the nacelle trailing rim (31),

a second length (L4) measured between one lateral
quadrant (39a) of the nacelle leading rim (36) and
the lateral quadrant (34a) of the nacelle trailing rim
(31) on the same side of the central longitudinal axis
(19),

athird length (L5) measured between another lateral
quadrant (39b) of the nacelle leading rim (36) and
the lateral quadrant (34b) of the nacelle trailing rim
(31) on the same side of the central longitudinal axis
(19), and

the first length (L3) is greater than the second and
third lengths (L4, L5).

The gas turbine engine of claim 2, wherein the na-
celle trailing rim (31) is aligned with a circumferential
hump (49) in an engine core cowl (20), the circum-
ferential hump (49) located at the nearest pointalong
the engine core cowl (20) to the nacelle trailing rim
(31).

A nacelle for a gas turbine engine, comprising;

a substantially cylindrical housing, the substantially
cylindrical housing having a leading rim (36) and a
trailing rim (31), the leading rim (36) having upper,
lateral and lower quadrants (37, 39a, 39b, 38), the
trailing rim (31) having upper, lateral and lower quad-
rants (32, 34a, 34b, 33),
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wherein the substantially cylindrical housing in-
cludes an axial aft edge curvature such that the sub-
stantially cylindrical housing has a first axial length
(L1) that is greater than a second axial length (L2),
where the first axial length (L1) is at an annular top-
center of the substantially cylindrical housing and
the second axial length (L2) is circumferentially offset
therefrom; and

the nacelle (30) and the substantially cylindrical
housing share a central longitudinal axis (19).

The nacelle of claim 4, wherein the substantially cy-
lindrical housing has:

a first length (L3) measured between the upper
quadrant (37) of the leading rim (36) and the
upper quadrant (32) of the trailing rim (31),

a second length (L4) measured between one
lateral quadrant (39a) of the leading rim (36) and
the lateral quadrant (34a) of the trailing rim (31)
on the same side of the central longitudinal axis
(19),

a third length (L5) measured between another
lateral quadrant (39b) of the leading rim (36) and
the lateral quadrant (34b) of the trailing rim (31)
on the same side of the central longitudinal axis
(19), and

the first length (L3) being greater than the sec-
ond and third lengths (L4, L5).

The gas turbine engine or nacelle of any of claims
2,3 or5,the nacelle having afourth length (L9) meas-
ured between the lower quadrant (38) of the nacelle
or housing leading rim (36) and the lower quadrant
(33) of the nacelle or housing trailing rim (31), where-
in the second and third lengths (L4, L5) are greater
than the fourth length (L9).

The gas turbine engine or nacelle of any of claims
2, 3, 5 or 6, wherein the first length (L3) is greater
than the second, third and fourth lengths (L4, L5, L9).

The gas turbine engine or nacelle of any of claims
2,3 or 5to 7, wherein the upper quadrant (32) of the
nacelle or housing trailing rim (31) extends farther
aft than the lower quadrant (33) of the nacelle or
housing trailing rim (31).

The gas turbine engine or nacelle of any of claims
2, 3 or 5 to 8, wherein the lateral quadrants (34a,
34b) of the nacelle or housing trailing rim (31) extend
farther aft than the lower quadrant (33) of the nacelle
trailing rim (31).

The gas turbine engine or nacelle of any of claims
2,3 or5t0 9, wherein the upper quadrant (32) of the
nacelle or housing trailing rim (31) extends farther
aftthanthe lateral quadrants (34a, 34b) ofthe nacelle
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1.

12.

13.

14.

or housing trailing rim (31).

The nacelle of any of claims 5 to 10, wherein the
nacelle or housing trailing rim (31) is aligned with a
circumferential hump (49) in an engine core cowl
(20), the engine core cowl (20) disposed within the
substantially cylindrical housing (30), the circumfer-
ential hump (49) located at the nearest point along
the engine core cowl (20) to the trailing rim (31).

The gas turbine engine or nacelle of any of claims
2, 3 or5to 11, wherein the nacelle or housing trailing
rim (31) forms a straight line between the midpoint
of the nacelle or housing trailing rim upper quadrant
(32) to the midpoint of the nacelle or housing trailing
rim lower quadrant (33) when viewed laterally.

A method of reducing gas turbine engine exhaust
impingement on an aircraft wing comprising:

providing an engine core (18);

surrounding the engine core (18) with a nacelle
(30), the nacelle having a trailing rim (31);
positioning the nacelle (30) below and forward
of an aircraft wing (12);

contouring the nacelle (30) so as to have a first
axial length (L1) that is greater than a second
axial length (L2), where the first axial length (L1)
is at an annular top-center of the nacelle (30)
and the second axial length (L2) is circumferen-
tially offset therefrom.

The method of claim 13, further including aligning a
nacelle trailing rim (31) with a circumferential hump
(49) in an engine core cowl (20), the engine core
cowl (20) disposed within the nacelle (30), the na-
celle (30) and the engine core (20) cowl sharing a
central longitudinal axis (19), the circumferential
hump (49) located at the nearest point along the en-
gine core cowl (20) to the nacelle trailing rim (31).
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